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Abstract 
Background: Taenia saginata is an important zoonotic parasite, causing taeniosis in humans and cysticercosis in 
bovines, the latter being a significant concern for the global beef industry. Many countries in East, Southeast and 
South Asia are experiencing rapid economic growth, and an increasing number of people in these countries are 
dependent on the livestock industry. Currently, however, an overview of the prevalence of T. saginata in this region 
is lacking. In this review, we analysed the available literature on T. saginata taeniosis and bovine cysticercosis for East, 
Southeast and South Asia.
Methods: A systematic review was conducted, based on both published and grey literature. Articles published 
between 1990 and 2017 were mined for information on the occurrence, prevalence, and geographical distribution of 
T. saginata taeniosis and bovine cysticercosis in East, Southeast and South Asia.
Results: The presence of T. saginata was described in 15 of 27 countries of the region, including Afghanistan, Cam-
bodia, China, India, Indonesia, Japan, Lao PDR, Malaysia, Mongolia, Nepal, Pakistan, Philippines, South Korea, Thailand 
and Vietnam. The only country that reported an absence of T. saginata is Japan, although sporadic reports of imported 
cases and unconfirmed reports of autochthonous infections were identified. Nationwide surveys of taeniosis with sys-
tematic sample collection and high sample numbers were available for Cambodia, China, Lao PDR, and South Korea, 
although speciation of Taenia was not always performed. Regional prevalence of taeniosis and bovine cysticercosis in 
endemic regions ranged between 0.02–42.6%, and 0.76–46.7%, respectively. However, data for bovine cysticercosis 
were only available for five countries (Japan, Lao PDR, Mongolia, Pakistan and Vietnam).
Conclusions: The data indicate a widespread occurrence of T. saginata throughout East, Southeast and South Asia. 
Identification of Taenia spp. in human infections was frequently not performed, leading to gaps in knowledge about 
the distribution of human tapeworm infections, mainly in regions where different human Taenia species co-occur. A 
high prevalence of T. saginata taeniosis and bovine cysticercosis may reflect insufficiencies in sanitation, limited health 
education standards, and insufficient food safety measures. Therefore, there is a need to improve local surveillance, 
notification, and overall control systems. 
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Background
Large tapeworms parasitizing humans include the three 
Taenia species, Taenia saginata (beef tapeworm), Tae-
nia solium (pork tapeworm), and Taenia asiatica (Asian 
tapeworm), all of which are prevalent in Asia and the 
Pacific [1]. T. saginata is considered the most common 
zoonotic tapeworm, with an estimated 60–70 million car-
riers globally [2]. Humans are the only definitive host, 
in which sexual reproduction of the adult tapeworm 
takes place in the intestine. The only intermediate host, 
bovines (such as cattle, buffaloes and yaks), harbour the 
larval parasitic stage in various muscle tissues (cysticer-
cus, metacestode). Humans become infected by eating 
raw or undercooked meat containing viable cysticerci, 
which then develop to tapeworms in the intestinal tract.
Taeniosis is usually asymptomatic but mild symptoms, 
commonly associated with abdominal discomfort and 
independent migration of proglottids from the anus, 
have been commonly reported. Complications, such as 
appendicitis, have been reported to occur on rare occa-
sions [3, 4]. Cysticercosis in bovines is usually not associ-
ated with clinical signs. Nevertheless, bovine cysticercosis 
may generate economic losses in regions where cattle are 
commercially farmed, due to the requirement for special 
handling (condemnation, freezing, and export restric-
tions) of infected carcasses, as legislated by meat hygiene 
regulations [5, 6].
Beef markets and trade have developed at a rapid pace 
in different Asian countries in recent years, with impor-
tant implications for rural development, food security, 
human nutrition, and trade, and with a growing num-
ber of people involved in and dependent on the cattle 
industry [7, 8]. On the downside, the spread of taenio-
sis/cysticercosis is facilitated by poor hygiene, inade-
quate sanitation, the use of untreated or partially treated 
human waste in agriculture, lack of knowledge concern-
ing the risks, and the consumption of raw or under-
cooked beef [9].
As a part of a EU-COST Action framework “CYSTI-
NET” (www.cysti net.org) activity aimed at mapping 
global data on the distribution of T. saginata taeniosis/
cysticercosis, this review focuses on the prevalence of the 
beef tapeworm in East, Southeast and South Asia, a fast-
growing region with rich cultural, traditional and reli-
gious diversity.
Methods
Search strategy
We performed a systematic database review, complying 
with PRISMA guidelines [10], of published and publicly 
available literature for information on the occurrence, 
prevalence, and geographical distribution of Taenia sagi-
nata taeniosis and cysticercosis in East, Southeast and 
South Asia between 1990 and 2017 (Additional file  1). 
The following countries and territories were screened 
for available literature and data: Afghanistan, Bangla-
desh, Bhutan, Brunei, Cambodia, China (disambiguation 
of People’s Republic of China), the Democratic Peopleʼs 
Republic of Korea (North Korea), East Timor, Hong 
Kong, India, Indonesia, Japan, Lao People’s Democratic 
Republic (Lao PDR), Macau, Malaysia, Maldives, Mongo-
lia, Myanmar (formerly Burma), Nepal, Pakistan, Philip-
pines, the Republic of Korea (South Korea), Singapore, 
Sri Lanka, Taiwan (disambiguation of Republic of China), 
Thailand, and Vietnam.
Database search and selection criteria
The following online databases were screened for publi-
cations: PubMed, ISI Web of Science, OpenGrey, OAIs-
ter, CABDirect, J-Stage, Asia journals online, WHO 
IRIS, Index Medicus for South-East Asian Region, China 
National Knowledge Infrastructure, and various regional 
databases and local thesis collections (webpages available 
in Additional file 2: Text S1).
The literature search was performed using the search 
terms (cysticerc* OR cisticerc* OR “C. bovis” OR taenia* 
OR tenia* OR saginata OR taeniosis OR teniosis OR tae-
niasis OR tenia OR taeniid OR cysticerque OR taenia-
rhynchus) AND (Afghanistan OR Bangladesh OR Bhutan 
OR Brunei OR Cambodia OR China OR East Timor OR 
Hong Kong OR India OR Indonesia OR Japan OR Lao 
OR Macau OR Malaysia OR Maldives OR Mongolia OR 
Myanmar OR Burma OR Nepal OR Korea OR Pakistan 
OR Philippines OR Singapore OR Sri Lanka OR Taiwan 
OR Thailand OR Vietnam).
Publications were included if published between Janu-
ary 1st, 1990 and December 31st, 2017, and contained 
information about T. saginata taeniosis and/or cysticer-
cosis. Publications in all languages were included and 
external assistance in translation was required for one 
publication that was written in Japanese, but which was 
Keywords: Taenia saginata, Bovine cysticercosis, Beef tapeworm, Cestode, Foodborne pathogen, Taeniosis, East Asia, 
Southeast Asia, South Asia, Zoonosis
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later excluded due to the absence of any prevalence data. 
Literature was excluded if: (i) only parasites other than 
T. saginata were reported; (ii) only countries and terri-
tories outside of the prescribed list were described; (iii) 
described data were not collected within the specified 
timeframe; (iv) only experimental data were reported; 
and (v) if data were duplicated from an earlier publi-
cation (e.g. same cases and numbers included in two 
different retrospective studies). Review articles were con-
sidered only if they contained unique data, that could not 
be retrieved otherwise. Full text articles were screened 
and data were extracted, including data period, prov-
ince/district/locality (if possible with coordinates of the 
study site), number of total and positively tested cases, 
applied diagnostic methods used, and Taenia specifi-
cation. Data without species identification were only 
included for regions where pig husbandry was presumed 
absent or banned due to cultural and religious traditions 
as clearly indicated by ethnicity of the local population. 
These results, however, are further discussed and should 
be interpreted with caution. For countries for which the 
previous approaches had not provided any record, the 
‘Google Scholar’ search engine was consulted to identify 
documents containing T. saginata prevalence data using 
the search term “intestinal parasites” and the correspond-
ing territory. These results are mentioned separately but 
included in the geographical mapping.
If available, prevalence data were recorded on a 
regional level. For prevalence at country/territory level, 
data from all the papers were combined, with prevalence 
and Wilson score confidence intervals calculated based 
on the reported numbers. Data analyses were performed 
in R version 3.5.2 [11]. Maps were generated using the 
open source software QGIS 3.0.1.-Girona (http://qgis.
org) with 1:10m raster and vector maps retrieved from 
the Natural Earth public domain (http://www.natur alear 
thdat a.com/downl oads/).
Results
Out of 3124 initially screened hits, the final data search 
revealed 58 eligible publications containing data on T. 
saginata taeniosis or cysticercosis, of which 56 included 
information on the occurrence of human taeniosis, and 
six on bovine cysticercosis (Fig.  1). These documents 
included 47 original studies, 10 review articles, and 1 
doctoral thesis, all of which included unique data. Data 
for 15 out of 27 countries and territories could be ana-
lysed. No data for the reported period could be retrieved 
for Afghanistan, Bangladesh, Bhutan, Brunei, East Timor, 
Hong Kong, Macau, Malaysia, Maldives, Myanmar, 
North Korea, Singapore, Sri Lanka and Taiwan. However, 
in the expanded literature search (by Google Scholar), 
data on the prevalence of T. saginata in Afghanistan (4 
additional publications, of which 2 contained unique 
data) and Malaysia (2 additional publications) were 
identified.
Taeniosis in humans
Data on the prevalence of taeniosis in East, Southeast and 
South Asia varied markedly across study sites, depending 
on dietary habits, husbandry practices, and the socio-
economic status (Table 1). All the studies included were 
based on initial identification of Taenia stages in fae-
cal samples by microscopy. Tapeworm specification by 
copro-PCR was reported for Indonesia, Lao PDR, the 
Philippines, Thailand and Vietnam. In countries and ter-
ritories where an absence of widespread pork eating hab-
its or a legal ban of pork (mainly in Muslim communities) 
is present, such as Afghanistan and Pakistan, T. saginata 
was assumed to be the predominant Taenia species, if the 
data were collected from an indigenous population. Some 
authors discussed the species of Taenia based on the 
ethnicity, eating habits of the communities, and specific 
questionnaire data (relevant for India, Lao PDR, Mongo-
lia, Nepal and Thailand).
For Cambodia, where different zoonotic Taenia spe-
cies co-occur, faecal examination on representative sam-
ple numbers (n =35,025) from schoolchildren and adults 
were performed [12, 13]. There, Taenia species specifica-
tion by multiplex PCR (cox1 gene) and sequencing was 
performed on a subset of the positive samples (43 Taenia 
spp. positives in 2824 analysed samples) collected from 
different parts of the country, revealing that 90.5% of the 
taeniid eggs detected by coproscopy were T. saginata and 
9.5% T. solium, whereas T. asiatica was absent [12]. Over-
all, this allows for an approximate prevalence estima-
tion for T. saginata taeniosis on a countrywide scale. In 
Vietnam, the majority of the studies did not discriminate 
between the different Taenia species; however, molecu-
lar studies not designed to assess prevalence confirmed 
the co-occurrence of the different human Taenia spe-
cies in the different provinces, with T. asiatica account-
ing for the most abundant species found in positive 
humans (49.7% of the positives; 95% confidence interval, 
CI: 41.7–57.7%), followed by T. saginata (45.3%; 95% CI: 
37.5–53.4%), and T. solium (5.0%; 95% CI: 2.4–10.0) [14–
16]. Unfortunately, only one prevalence study included 
molecular species identification, and this demonstrated a 
T. saginata prevalence of 5.85% (95% CI: 3.7–9.0) for the 
Central Highlands of Vietnam [16]. Data on the distribu-
tion of taeniosis indicate variable prevalence estimates 
of 0.2–12% for the different regions in Vietnam. Average 
prevalence of taeniosis per country and regional distribu-
tion (where available) is illustrated in Fig. 2 and collected 
reports are provided in Additional file 3: Data S1.
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Surveys on a national level without determination of 
the Taenia species were reported for China and Nepal, 
whereas some indication about the distribution of T. sagi-
nata taeniosis can be retrieved from regional studies and 
population dietary habits. The studied population groups 
included schoolchildren, adults, the general population 
(all age groups) and from specific occupational groups 
(e.g. food handlers in Pakistan and farmers in Mongo-
lia). Any hospital data based on patients suffering from 
gastrointestinal signs with stool examination and single 
case reports were excluded from the analysis because 
the prevalence could not be calculated and nor was any 
new evidence for the presence of the parasite provided. 
Nationwide surveys with systematic sample collections 
and high sample numbers were available for Cambodia, 
China, Lao PDR and South Korea (Table 1).
Cysticercosis in cattle
Studies on the prevalence of bovine cysticercosis were 
available from Japan, Lao PDR, Mongolia, Pakistan and 
Vietnam (prevalence data are summarized in Table  2 
and Fig. 3). Overall, Japan is considered to be free from 
autochthonous bovine cysticercosis based upon meat 
inspection results [17, 18]. A study in five provinces 
in northern Lao PDR conducted in 2006 describes the 
prevalence of T. saginata cysticercosis in cattle and buf-
faloes based on the detection of circulating antigens 
[19]. Overall, the prevalence of cysticercosis was 37.7% 
(95% CI: 33.9–41.8%) and 63.8% (95% CI: 58–69.2%) in 
buffaloes and cattle, respectively [19]. Cattle demon-
strated a substantially higher prevalence than buffalo. 
The highest provincial prevalence was recorded in Xay-
abuly (69.4%; 95% CI: 61.5–76.4%), and the lowest was 
in Huapanh (36.8%; 95% CI: 31.5–42.4%).
Davaasuren and colleagues reported bovine cysticer-
cosis cases from 12 of 21 provinces in Mongolia based 
on discontinuous meat inspection reports for the years 
2002–2012 [20]. A low prevalence of bovine cysticercosis 
was recorded, with 44 positives in 5760 carcasses (0.76%; 
95% CI: 0.56–1.03%).
One study from Pakistan analysed the prevalence of 
cysticercosis in cattle and buffalo in Punjab based on rou-
tine meat inspection [21]. In 1200 cattle and 1200 buffa-
loes, 35 (2.92%; 95% CI: 2.07–4.08%) and 38 (3.17%; 95% 
CI: 2.28–4.36%) positive carcasses were detected, respec-
tively. There were no significant differences between the 
regions and between the two bovine species.
Fig. 1 Flow diagram of the database searches according to PRISMA guidelines [10]
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Based on meat inspection reports, a current review 
describing the status of cysticercosis in cattle in Vietnam 
demonstrates a general infection rate of 1.6%, with 0.03–
2.17% at Hanoi abattoirs, 0.5–1.4% in the north, 1.9–2.2% 
in the centre, and 1.6–1.8% in the south of the country 
[22]. Unfortunately, exact animal numbers could not be 
extracted from publications.
Discussion
This review summarizes the occurrence of human T. 
saginata taeniosis and bovine cysticercosis in East, 
Southeast and South Asia from 1990 to 2017. Although 
publications from almost 30 years were screened, infor-
mation retrieved does not allow for a temporal analysis of 
changing infection dynamics (see Additional file 3: Data 
S1). However, the data demonstrate a widespread distri-
bution of tapeworm infections throughout the region, 
with the only country reporting absence of autochtho-
nous T. saginata being Japan, based upon the absence of 
bovine cysticercosis cases detected during meat inspec-
tion [17, 18]. Despite this assumption, cases of taeniosis 
are sporadically reported as being imported in travellers 
and there are some unconfirmed reports of patients that 
appear to have been infected in Japan [23]. Given the data 
Table 1 Reported prevalence of human Taenia saginata taeniosis in East, Southeast and South Asia
a Regional coverage is indicated in parentheses:-, poor; +, < 50% of the national territory; ++, > 50% of the national territory); for details see Fig. 2 and extracted data 
in Additional file 2: Text S1
na, not available; CI, confidence interval
Country Period Group studied Prevalence (%) (95% CI) Range of regional 
prevalence (regional 
coverage)a
Reported species References
Afghanistan 2011–2014 Soldiers (n = 110); hos-
pitalized (n =1329); 
students (n =1869)
1.39 (1.03–1.87) 0.62–1.43 (+) Taenia spp. [52, 53]
Cambodia 2006–2011 Schoolchildren 
(n = 27716); adults 
(n = 7309)
0.45 (0.38–0.52) 0–2.34 (++) T. saginata (90.5%); T. 
solium (9.5%)
[12, 13]
China 2001–2004 National survey on 
taeniosis and cysticer-
cosis (n = 356629)
0.28 (0.26–0.30) Nationwide survey (+) Taenia spp. [45, 54–57]
India 2004–2013 Children (n = 3992); 
adults (n = 362)
3.84 (3.29–4.46) 0.68–4.63 (−) T. saginata [29, 30, 58–60]
Indonesia 1996–2006 Residents (n = 2906) 4.68 (3.95–5.53) 0–22.50 (+) T. saginata [25, 61, 62]
Japan 1995–2010 na 0 na T. saginata [17, 18, 23]
Lao PDR 2000–2013 Residents (n = 58006) 1.56 (1.45–1.65) 1.56–11.50 (+) T. saginata [63–67]
Malaysia 2001; 2013 Schoolchildren 
(n = 111); residents (n 
= 110)
1.81 (0.58–4.88) 0.90–2.73 (−) Taenia spp. [68, 69]
Mongolia 1998 Adult farmers (n = 206) 0.49 (0.03–3.09) (-) T. saginata [70]
Nepal 2007–2012; Schoolchildren 
(n = 503);
4.37 (2.83–6.65) 1.75–4.71 (+) T. saginata [42, 71–73]
2011–2012 Schoolchildren 
(n = 1704)
0.41 (0.18–0.88) 0.22–1.30 (−) Taenia spp.
Pakistan 2006–2014 Residents and school-
children (n = 5247)
7.01 (6.34–7.75) 0.21–12.35 (++) T. saginata [31–34, 74, 75]
Philippines 2005; 2011 Schoolchildren 
(n = 259), residents 
(n = 549)
33.71 (30.46–37.11) 15.10–42.57 (-) T. saginata [76, 77]
South Korea 1997; 2004 –2011 Residents (n = 782), 
national survey 
(n = 45832)
0.03 (0.02–0.05) 0.02–0.51 (−) T. saginata; Taenia spp. [78, 79]
Thailand 2004–2013 Residents (n = 1343), 
schoolchildren 
(n = 1920)
0.31 (0.16–0.58) 0.30–1.60 (+) T. saginata [41, 80–83]
Vietnam 2015 Residents (n = 342) 5.85 (3.70–9.03) 0.20–12.0 (++) T. saginata (45.3%); T. 
asiatica (49.7%); T. 
solium (5.0%)
[14–16, 22]
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described in this review indicating the presence of T. sag-
inata, it is likely that this parasite is endemic throughout 
Asia.
Co‑distribution of Taenia spp.
Many countries in East, Southeast and South Asia are 
characterised by a plurality of distinct religious, native 
ethnic and linguistic groups. Within the context of dif-
ferent cultural and religious practises, the three different 
human Taenia species, i.e. T. saginata, T. asiatica and T. 
solium, have all been demonstrated to be circulating in 
the region [24]. For example, on the Indonesian Archipel-
ago, which is highly influenced by an ethnic diversity and 
religious pluralism within a Muslim-majority population, 
all three of these human Taenia species are prevalent [25, 
26]. Studies from Cambodia and Vietnam with consid-
erable sample size numbers and high regional coverage, 
also reported the co-existence of the three different Tae-
nia spp. parasitizing humans [12–14, 22, 27].
Fig. 2 Assumed human T. saginata taeniosis in East, Southeast and South Asia
Table 2 Reported occurrence of bovine cysticercosis in East, Southeast and South Asia
Ag-ELISA, antigen enzyme-linked immunosorbent assay; CI, confidence interval; MI, meat inspection; na, not available
Country Period Animals tested Animals positive Prevalence (%) (95% CI) Diagnostic technique References
Japan 1999 na na Absent MI [17]
Japan 1995–2001 na na Absent MI [18]
Lao PDR 2006 904 422 46.7 (43.40–50.00) Ag-ELISA [19]
Mongolia 2002–2012 5760 44 0.76 (0.56–0.10) MI [20]
Pakistan 2012–2013 2400 73 3.04 (2.41–3.83) MI [21]
Vietnam na na na 1.6 MI [22]
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Not all eligible studies and reports, however, provide 
data by species. Although, it is possible to make some 
assumptions of species distribution based upon reli-
gious prohibitions on pork or beef consumption, this is 
of course accompanied by the caveat that diversity both 
in religion and adherence to religious doctrine, does not 
rule out the presence of other Taenia spp. In predomi-
nantly Muslim countries, such as in Pakistan and Afghan-
istan, where slaughtering and consumption of pork is not 
generally practised, we assume that the vast majority of 
taeniosis infections are T. saginata. Nevertheless, in some 
countries and territories, it is likely that pig production 
occurs in low numbers, with a consequent minor number 
of recorded T. solium infections. In contrast, in India, lit-
tle information on T. saginata is available due to a ban on 
the slaughter of cows for religious reasons [28], although 
beef and carabeef consumption may be more wide-
spread in the predominantly Muslim states in the north 
of India. Indeed, T. saginata has been detected at border 
regions to Pakistan, like Kashmir State [29] and Gujarat 
[30]. Likewise, studies from the border areas in Pakistan 
have demonstrated the presence of T. saginata taeniosis 
and cysticercosis [31–38]. Studies in schoolchildren from 
southern parts of India also indicate a high prevalence 
of Taenia spp. (5% in Tamil Nadu and 3.58% in Puduch-
erry, respectively) [39, 40]. However, these records were 
excluded from the list as they did not provide or discuss 
species identity.
Culinary risk factors
In general, cultural dietary habits of raw or undercooked 
beef in traditional dishes are common risk factors of 
infections in the study region, such as ‘bo tai chanh’ (raw 
or rare beef in lime juice salad) in Vietnam, ‘lawar’ with 
‘tuak’ (raw beef with palm wine) in the traditional village 
communities in Bali/Indonesia, ‘buuz’, ‘huushuur’ and 
‘bansh’ (dumplings prepared with minced and seasoned 
raw beef ) in Mongolia, ‘yukhoe’ (a raw meat dish that 
resembles a steak tartare) in Korean cuisine, and ‘phla 
nuea’ and ‘yam neua’ (variations of Thai beef salads) in 
Thailand [20, 25, 27, 41].
In many countries within the region of interest, con-
sumption of raw pork is also popular, increasing the 
risk for T. solium and T. asiatica. For example, in Nepal, 
domestic pork is traditionally eaten by the ethnic 
group of ‘Aadi basi’ (corresponds to the biggest studied 
Fig. 3 Bovine cysticercosis in East, Southeast and South Asia
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population in [42]). Raw pork is commonly consumed 
as part of sacrificial ceremonies amongst Tai Dam com-
munities in northern Lao PDR [43]. Wild boar is tradi-
tionally hunted and eaten by ‘Magars’, but a strain bred 
from wild boar is now raised in captivity and used for 
meat that is increasingly popular among ‘Prahari’ ethnici-
ties (largest ethnic group in Nepal) and other groups that 
do not traditionally eat pork. Nepalese Hindus (similar 
to Indian Hindus) do not slaughter cattle; this restriction 
does not, however, extend to buffaloes, which are con-
sumed in some Hindu communities. Hence, the preva-
lence data for Nepal (0.22% in school children and 1.3% 
in a hospital population) must be interpreted with care in 
terms of likely speciation. Likewise, in Bhutan, which can 
be compared to Nepal, the only available data on Tae-
nia spp. indicate an overall low prevalence of 0.17% [44]. 
There is an absence of studies with species identification 
for southwest China, and the prevalence and incidence of 
human taeniosis remains unknown despite local people 
choosing to eat undercooked beef, raw pork, and raw pig 
liver mixed with sour sauce and salted garlic [45].
Distribution of T. saginata taeniosis and cysticercosis
Despite the limitations of the data in terms of speciation, 
this review identified widespread occurrence of taeniosis 
in humans, with a marked variation in prevalence across 
the regions as would be expected due to the variations 
in socioeconomic status, cultural and animal husbandry 
practises across the region.
Data on bovine cysticercosis are, in general, rare. 
Although excluded from our analysis because of outdated 
meat inspection reports, data on cysticercosis from cat-
tle in Bali (Indonesia) were reported in 1989 from the 
Stockbreeding Service Unit Denpasar [46]. There, routine 
meat inspection in 1988 reported that 674 of 34,887 cat-
tle tested positive for bovine cysticercosis (1.93%; 95% CI: 
1.79–2.08%). However, the current high detection rate 
of taeniosis in humans suggests that the actual preva-
lence in cattle is probably higher. Indeed, the sensitivity 
of general meat inspection protocols is considered below 
30% [47]. Based on slaughterhouse reports, prevalence 
estimates are available for Mongolia (0.76%) and Viet-
nam (1.6%) [20, 22]. However, serological testing based 
on the detection of circulating antigens [48] in Lao PDR 
showed that 46.4% of cattle were infected, indicating an 
underestimate of bovine cysticercosis based on meat 
inspection reports [19]. Lao PDR is one of the lowest-
income countries in the Southeast Asian region, and has 
a predominantly rural-based agricultural economy. Cattle 
and buffalo production contributes significantly to Lao 
PDR’s rural economy, with approximately 31% and 48% 
of households raising cattle and buffalo, respectively [49]. 
This represents a risk for parasite transmission due to 
home-slaughtering and lack of meat inspection and con-
trol [49].
This article complements recent reviews on the dis-
tribution of T. saginata taeniosis/cysticercosis in central 
and western Asia and the Caucasus [50], and on the epi-
demiology of porcine cysticercosis in East and South-
east Asia [51]. Together with these companion articles, 
it demonstrates the widespread distribution of taeniosis 
and cysticercosis throughout the continent, with regional 
variations in the prevalence. The regional characteris-
tics of different local lifestyles and the co-occurrence of 
different soil-transmitted parasites and neglected tropi-
cal diseases, among the different human Taenia species, 
reflect the particular importance for sustainable moni-
toring and implementation of control programmes (dis-
cussed in [24]). However, the collected data illustrate that 
detailed national prevalence data are missing.
Conclusions
Despite the large diversity of cultural, traditional, and 
behavioural practices, T. saginata remains widespread 
throughout East, Southeast and South Asia. Many pub-
lications focus on the prevalence of soil-transmitted 
helminths and other neglected tropical diseases, but 
specification of the three co-occurring human Taenia 
species is rarely conducted. Regional prevalence data 
are lacking for many parts of East, Southeast and South 
Asia. Nevertheless, the presented data reveal a large 
range of prevalence rates for the different countries and 
territories, allowing for an overview of the ongoing situ-
ation in the region. Thus, the abundant prevalence of T. 
saginata in these low-income countries indicates gaps in 
environmental, food, and personal hygiene. Actions to 
control and prevent T. saginata infections should include 
improved sanitation, health education, food safety meas-
ures with improved and standardized diagnostic tests, 
and reporting of infections at the species level. These 
interventions can be implemented in a One Health 
approach accounting for human, animal, and environ-
mental health.
Supplementary information
Supplementary information accompanies this paper at https ://doi.
org/10.1186/s1307 1-020-04095 -1.
Additional file 1: PRISMA 2009 checklist.
Additional file 2: Text S1. Databases for the literature research.
Additional file 3: Data S1. Data analysis of collected reports.
Acknowledgements
This work was a collaboration within the framework of CYSTINET, the Euro-
pean network on taeniasis/cysticercosis, COST ACTION TD1302 and additional 
members of the T. saginata working group.
Page 9 of 11Eichenberger et al. Parasites Vectors          (2020) 13:234  
Authors’ contributions
RME conducted the systematic literature research, extracted and analysed the 
data, and drafted the first version of the manuscript. RME, LFT, SG, BB, BD, LJR, 
AS, PRT, UCB, VD and PD (all authors) contributed to the design of the study, 
interpretation of the data, and writing the paper. All authors read approved 
the final manuscript.
Funding
Not applicable.
Availability of data and materials
All references found eligible in our literature review are included in the article.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1 Institute of Parasitology, Vetsuisse Faculty, University of Zurich, Zurich, 
Switzerland. 2 Institute of Infection and Global Health, University of Liverpool, 
Liverpool, UK. 3 International Livestock Research Institute, Nairobi, Kenya. 
4 Faculty of Veterinary Medicine, Ghent University, Merelbeke, Belgium. 5 Cen-
tre of Excellence for Food– and Vector–borne Zoonoses, Institute for Medical 
Research, University of Belgrade, Belgrade, Serbia. 6 Department of Epidemiol-
ogy and Public Health, Sciensano, Brussels, Belgium. 7 Department of Para-
clinical Sciences, Faculty of Veterinary Medicine, Norwegian University of Life 
Sciences, Oslo, Norway. 8 Veterinary Research Institute, Hellenic Agricultural 
Organization Demeter, Thermi, Greece. 9 Section of Veterinary Epidemiol-
ogy, Vetsuisse Faculty, University of Zürich, Zürich, Switzerland. 10 One Health 
Center for Zoonoses and Tropical Veterinary Medicine, Ross University School 
of Veterinary Medicine, Basseterre, Saint Kitts and Nevis. 11 Department 
of Infectious Disease Epidemiology and Prevention, Statens Serum Institute, 
Copenhagen, Denmark. 12 Department of Biomedical Sciences, Institute 
of Tropical Medicine, Antwerp, Belgium. 
Received: 16 January 2020   Accepted: 24 April 2020
References
 1. Ito A, Wandra T, Yamasaki H, Nakao M, Sako Y, Nakaya K, et al. Cyst-
icercosis/taeniasis in Asia and the Pacific. Vector Borne Zoonotic Dis. 
2004;4:95–107.
 2. Andreassen J. Intestinal tapeworms. In: Cox FEG, Wakelin D, Gillespie SH, 
Despommier DD, editors. Topley and Wilsonʼs microbiology and micro-
bial infections: parasitology. 10th ed. London: Hodder; 2005.
 3. Craig P, Ito A. Intestinal cestodes. Curr Opin Infect Dis. 2007;20:524–32.
 4. Tembo A, Craig PS. Taenia saginata taeniosis: copro-antigen time-course 
in a voluntary self-infection. J Helminthol. 2015;89:612–9.
 5. Fan PC, Chung WC. Sociocultural factors and local customs related to 
taeniasis in east Asia. Kaohsiung J Med Sci. 1997;13:647–52.
 6. Murrell KD. WHO/FAO/OIE guidelines for the surveillance, prevention and 
control of taeniosis/Cysticercosis. Paris: WHO/FAO/OIE; 2005.
 7. Asian Beef Network: review of regional beef market and trade in China 
and Southeast Asia. 2018.
 8. Rome: food and agriculture organization of the United Nations. FAOStat. 
http://www.fao.org/faost at/en/#data. Accessed 15 Oct 2019.
 9. Wu HW, Ito A, Ai L, Zhou XN, Acosta LP, Lee Willingham A III. Cysticercosis/
taeniasis endemicity in Southeast Asia: current status and control meas-
ures. Acta Trop. 2017;165:121–32.
 10. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. J Clin 
Epidemiol. 2009;62:1006–12.
 11. R Development Core Team: R: a language and environment for statistical 
computing. Vienna, Austria: R Foundation for Statistical Computing; 2018.
 12. Jeon HK, Yong TS, Sohn WM, Chai JY, Hong SJ, Han ET, et al. Molecular 
identification of Taenia tapeworms by Cox1 gene in Koh Kong, Cambo-
dia. Korean J Parasitol. 2011;49:195–7.
 13. Yong TS, Chai JY, Sohn WM, Eom KS, Jeoung HG, Hoang EH, et al. 
Prevalence of intestinal helminths among inhabitants of Cambodia 
(2006–2011). Korean J Parasitol. 2014;52:661–6.
 14. Somers R, Dorny P, Geysen D, Nguyen LA, Thach DC, Vercruysse J, 
et al. Human tapeworms in north Vietnam. Trans R Soc Trop Med Hyg. 
2007;101:275–7.
 15. Vien HV, Dao LD, Manh ND, Tan HV, Nguyen DH, Nhung VT. Identifica-
tion of Taenia spp. and cysticercus species using multiplex PCR. J Malaria 
Parasit Dis. 2008;1:62–9.
 16. Ng-Nguyen D, Stevenson MA, Dorny P, Gabriel S, Vo TV, Nguyen VT, et al. 
Comparison of a new multiplex real-time PCR with the Kato Katz thick 
smear and copro-antigen ELISA for the detection and differentiation of 
Taenia spp. in human stools. PLoS Negl Trop Dis. 2017;11:e0005743.
 17. Nawa Y, Noda S, Uchiyama-Nakamura F, Ishiwata K. Current status of 
food-borne parasitic zoonoses in Japan. SE Asian Trop Med. 2001;32:S4–7.
 18. Nakamura-Uchiyama F, Hiromatsu K, Ishiwata K, Sakamoto Y, Nawa Y. 
The current status of parasitic diseases in Japan. Int Med (Tokyo, Japan). 
2003;42:222–36.
 19. Vongxay K, Conlan JV, Khounsy S, Dorny P, Fenwick S, Thompson RC, et al. 
Seroprevalence of major bovine-associated zoonotic infectious diseases 
in the Lao People’s Democratic Republic. Vector Borne Zoonotic Dis. 
2012;12:861–6.
 20. Davaasuren A, Dorjsuren T, Yanagida T, Sako Y, Nakaya K, Davaajav A, et al. 
Recent situation of taeniasis in Mongolia (2002–2012). Korean J Parasitol. 
2014;52:211–4.
 21. Saeed M, Durrani AZ, Ayaz Khan M, Maqbool A, Avais M, Ijaz M, et al. 
Prevalence of bovine and bubaline cysticercosis in Punjab, Pakistan. J 
Anim Plant Sci. 2016;16:401–7.
 22. Van De N, Le TH, Lien PT, Eom KS. Current status of taeniasis and cysticer-
cosis in Vietnam. Korean J Parasitol. 2014;52:125–9.
 23. Yamasaki H. Current status and perspectives of cysticercosis and taeniasis 
in Japan. Korean J Parasitol. 2013;51:19–29.
 24. Ito A, Li T, Wandra T, Dekumyoy P, Yanagida T, Okamoto M, et al. Tae-
niasis and cysticercosis in Asia: a review with emphasis on molecular 
approaches and local lifestyles. Acta Trop. 2019;198:105075.
 25. Wandra T, Margono SS, Gafar M, Saragih MJ, Sutisna P, Sudewi R, et al. Cur-
rent situation of taeniasis and cysticercosis in Indonesia. Trop Med Health. 
2007;35:323–8.
 26. Zein U, Siregar S, Janis I, Pane AH, Purba JM, Sardjono TW, et al. Identifica-
tion of a previously unidentified endemic region for taeniasis in North 
Sumatra, Indonesia. Acta Trop. 2019;189:114–6.
 27. Ng-Nguyen D, Stevenson MA, Traub RJ. A systematic review of taeniasis, 
cysticercosis and trichinellosis in Vietnam. Parasit Vectors. 2017;10:150.
 28. Singh BB, Sharma R, Sharma JK, Juyal PD. Parasitic zoonoses in India: an 
overview. Rev Sci Tech. 2010;29:629–37.
 29. Wani SA, Ahmad F, Zargar SA, Amin A, Dar ZA, Dar PA. Intestinal helmin-
thiasis in children of Gurez valley of Jammu and Kashmir state, India. J 
Glob Infect Dis. 2010;2:91–4.
 30. Shobha M, Bithika D, Bhavesh S. The prevalence of intestinal parasitic 
infections in the urban slums of a city in Western India. J Infect Public 
Health. 2013;6:142–9.
 31. Ahmed K, Jan M, Imran R, Shuja N, Shah G. Prevalence of intestinal 
parasitic pathogens among gastroenteritis patients in District Gilgit, 
Gilgit-Baltistan, Pakistan. Pakistan J Zool. 2012;44:1059–63.
 32. Ahmed W, Ahmad M, Shah F. Pervasiveness of intestinal protozoan and 
worm incursion in IDPʼs (North Waziristan agency, KPK-Pakistan) children 
of 6–16 years. JPMA. 2015;65:943–5.
 33. Rukhsana T, Farzana I, Sharifa G, Sobia M. Prevalence of human intestinal 
parasites in different areas of Karachi Pakistan. B: helminth infection. Proc 
Parasitol. 2012;53:67–76.
 34. Ali AM, Masud T, Arif S. Frequency of parasitic infestation in faecal speci-
mens. JAMC. 2014;26:49–51.
 35. Shah SA, Marwat SA, Rashid HU, Hussain A, Khurshid K, Ahmad S. Impor-
tance of microscopic stool examination in patients with diarrhoea. JAMC. 
2014;26:478–80.
 36. Ullah W, Shah A, Jamal Q, Ullah S, Muhammad I, Ullah H. Prevalence of 
intestinal parasites among school children in District Upper Dir, Khyber 
Pakhtunkhwa Pakistan. IJB. 2014;5:1–8.
Page 10 of 11Eichenberger et al. Parasites Vectors          (2020) 13:234 
 37. Khan W, Nisa N, Khan A. Diversity of intestinal parasites in male and 
female students and workers of Education Department of Swat, Pakistan. 
Pakistan J Zool. 2015;47:565–8.
 38. Khan W, Nisa N-U, Nawaz M. Incidence of tapeworm infection in human 
population of Swat, Pakistan: an occupation based study. Pakistan J Zool. 
2018;50:639–45.
 39. Ragunathan L, Kalivaradhan SK, Ramadass S, Nagaraj M, Ramesh K. 
Helminthic infections in school children in Puducherry, South India. J 
Microbiol Immunol. 2010;43:228–32.
 40. Anbumani N, Mallika M. Prevalence and distribution of soil transmitted 
helminths (STH) among asymptomatic school going children in South 
Chennai, Tamil Nadu, India. Int J Med Pub Health. 2011;1:57–9.
 41. Boonjaraspinyo S, Boonmars T, Kaewsamut B, Ekobol N, Laummaunwai 
P, Aukkanimart R, et al. A cross-sectional study on intestinal parasitic 
infections in rural communities, northeast Thailand. Korean J Parasitol. 
2013;51:727–34.
 42. Agrawal PK, Rai SK, Khanal LK, Ghimire G, Banjara MR, Singh A. Intestinal 
parasitic infections among patients attending Nepal Medical College 
Teaching Hospital, Kathmandu, Nepal. NMCJ. 2012;14:80–3.
 43. Okello A, Ash A, Keokhamphet C, Hobbs E, Khamlome B, Dorny P, Thomas 
L, Allen J. Investigating a hyper-endemic focus of Taenia solium in north-
ern Lao PDR. Parasit Vectors. 2014;7:134.
 44. Norbu K, Monger A, Dorji N, Drukpa LD. Prevalence of intestinal parasitic 
infection in patients attending National Referral Hospital, Thimphu, from 
2013 to 2015: a retrospective study. Bhutan Health J. 2018;4:46–9.
 45. Wang JL, Li TT, Huang SY, Cong W, Zhu XQ. Major parasitic diseases of 
poverty in mainland China: perspectives for better control. Infect Dis 
Poverty. 2016;5:67.
 46. Suroso T, Margono SS, Wandra T, Ito A. Challenges for control of taeniasis/
cysticercosis in Indonesia. Parasitol Int. 2006;55:S161–5.
 47. Eichenberger RM, Lewis F, Gabriel S, Dorny P, Torgerson PR, Deplazes P. 
Multi-test analysis and model-based estimation of the prevalence of Tae-
nia saginata cysticercus infection in naturally infected dairy cows in the 
absence of a ‛gold standardʼ reference test. Int J Parasitol. 2013;43:853–9.
 48. Dorny P, Somers R, Cam T, Dang CTT, Khong N, Vercruysse J. Cysticercosis 
in Cambodia, Lao PDR and Vietnam. SE Asian J Trop Med. 2004;35:223–6.
 49. Stür W, Gray DJ, Bastin G. Review of the Livestock Sector in the Lao 
Peopleʼs Democratic Republic. Philippines: International Livestock 
Research Institute; 2002. https ://hdl.handl e.net/10568 /21136 .
 50. Torgerson PR, Abdybekova AM, Minbaeva G, Shapiyeva Z, Thomas LF, 
Dermauw V, et al. Epidemiology of Taenia saginata taeniosis/cysticercosis: 
a systematic review of the distribution in central and western Asia and 
the Caucasus. Parasit Vectors. 2019;12:175.
 51. Braae UC, Hung NM, Satrija F, Khieu V, Zhou XN, Willingham AL. Porcine 
cysticercosis (Taenia solium and Taenia asiatica): mapping occurrence 
and areas potentially at risk in East and Southeast Asia. Parasit Vectors. 
2018;11:613.
 52. Korzeniewski K. Prevalence of intestinal parasitic infections in the popula-
tion of Central Asia on the example of inhabitants of Eastern Afghanistan. 
Przegl Epidemiol. 2016;70:563–73.
 53. Korzeniewski K, Chung WC, Augustynowicz A, Lass A, Ik KJ. Current status 
of intestinal parasitic infections among inhabitants of the Ghazni and 
Parwan Provinces, Afghanistan. J Family Med Prim Care. 2017;19:23–8.
 54. Coordinating Office of the National Survey on the Important Human 
Parasitic Diseases. national survey on current status of the important 
parasitic diseases in human population A. Chinese J Parasitol Parasitic Dis. 
2005;23:S332–40.
 55. Li T, Craig PS, Ito A, Chen X, Qiu D, Qiu J, et al. Taeniasis/cysticerco-
sis in a Tibetan population in Sichuan Province, China. Acta Trop. 
2006;100:223–31.
 56. Eom KS, Jeon HK, Rim HJ. Geographical distribution of Taenia asiatica and 
related species. Korean J Parasitol. 2009;47:S115–24.
 57. Steinmann P, Yap P, Utzinger J, Du ZW, Jiang JY, Chen R, et al. Control of 
soil-transmitted helminthiasis in Yunnan province, Peopleʼs Republic of 
China: experiences and lessons from a 5-year multi-intervention trial. Acta 
Trop. 2015;141:271–80.
 58. Wani SA, Ahmad F, Zargar SA, Ahmad Z, Ahmad P, Tak H. Prevalence of 
intestinal parasites and associated risk factors among schoolchildren in 
Srinagar City, Kashmir, India. J Parasitol. 2007;93:1541–3.
 59. Wani SA, Ahmad F, Zargar SA, Dar PA, Dar ZA, Jan TR. Intestinal helminths 
in a population of children from the Kashmir valley, India. J Helminthol. 
2008;82:313–7.
 60. Wani SA, Amin A. Intestinal helminth infections among children of district 
Shopian of Kashmir Valley, India. J Parasit Dis. 2016;40:1422–5.
 61. Wandra T, Depary AA, Sutisna P, Margono SS, Suroso T, Okamoto M, et al. 
Taeniasis and cysticercosis in Bali and North Sumatra, Indonesia. Parasitol 
Int. 2006;55:S155–60.
 62. Wandra T, Sutisna P, Dharmawan NS, Margono SS, Sudewi R, Suroso T, 
et al. High prevalence of Taenia saginata taeniasis and status of Taenia 
solium cysticercosis in Bali, Indonesia, 2002–2004. Trans R Soc Trop Med 
Hyg. 2006;100:346–53.
 63. Rim HJ, Chai JY, Min DY, Cho SY, Eom KS, Hong SJ, et al. Prevalence of 
intestinal parasite infections on a national scale among primary school-
children in Laos. Parasitol Res. 2003;91:267–72.
 64. Jeon HK, Yong TS, Sohn WM, Chai JY, Min DY, Yun CH, et al. Current status 
of human taeniasis in Lao Peopleʼs Democratic Republic. Korean J Parasi-
tol. 2013;51:259–63.
 65. Conlan J. Epidemiology of Zoonotic and Neglected Tropical Diseases in 
the Lao Peopleʼs Democratic Republic. Melbourne: Murdoch University; 
2013. https ://resea rchre posit ory.murdo ch.edu.au/id/eprin t/22225 /.
 66. Eom KS, Yong TS, Sohn WM, Chai JY, Min DY, Rim HJ, et al. Prevalence of 
helminthic infections among inhabitants of Lao PDR. Korean J Parasitol. 
2014;52:51–6.
 67. Sato MO, Sato M, Yanagida T, Waikagul J, Pongvongsa T, Sako Y, et al. 
Taenia solium, Taenia saginata, Taenia asiatica, their hybrids and other 
helminthic infections occurring in a neglected tropical diseasesʼ highly 
endemic area in Lao PDR. PLoS Negl Trop Dis. 2018;12:e0006260.
 68. Abdulla MA, Abdullah KA, Sidik K, Ismail S, Abdul Rahman SK, Mahziz 
MNH, et al. Comparison of prevalence of intestinal parasitic infections in 
schoolchildren in Kuala Limpur. J Health Trans Med. 2002;7:118–21.
 69. Nisha M, Kumarasamy V, Ambu S, Davamani F, Mak JW. Factors associated 
with intestinal parasite infections in a resettled indigenous community in 
Malaysia. International J Trop Dis Health. 2016;12:1–7.
 70. Lee DS, Chung BH, Lee NS, Nam HW, Kim JH. A survey of helminthic infec-
tions in the residents of rural areas near Ulaanbaatar, Mongolia. Korean J 
Parasitol. 1999;37:145–7.
 71. Tandukar S, Ansari S, Adhikari N, Shrestha A, Gautam J, Sharma B, et al. 
Intestinal parasitosis in school children of Lalitpur district of Nepal. BMC 
Res Notes. 2013;6:449.
 72. Sah RB, Pokharel PK, Paudel IS, Acharya A, Jha N, Bhattarai S. A study of 
prevalence of Taenia infestation and associated risk factors among the 
school children of Dharan. KUMJ. 2012;10:14–7.
 73. Sah R, Paudel I, Poudel P, Baral R, Jha N, Pokharel P. A study of prevalence 
of Taenia infestation and associated risk factors among the school chil-
dren of Itahari Municipality, Eastern Region of Nepal. J Environ Occup Sci. 
2013;201:149–54.
 74. Khan W, Nisa N-U, Khan A. Prevalence and risk factors associated with 
intestinal parasitic infections among food handlers of Swat, Khyber 
Pakhtunkhwa, Pakistan. J Food Nutr Res. 2017;5:331–6.
 75. Kosar S, Afshan K, Salman M, Rizvi S, Naseem AA, Firasat S, et al. Preva-
lence and risk factors associated with intestinal parasitic infections 
among schoolchildren in Punjab, Pakistan. Trop Biomed. 2017;34:770–80.
 76. Cauyan GA, Andaman DE, Cotaco M, Mari SA, Sabado A, Sahagun C. 
Prevalence of intestinal parasites among schoolchildren in a coastal rural 
area of Maragondon, Cavite, Southern Luzon, Philippines. Acta Manilana. 
2008;56:43–9.
 77. Gordon CA, McManus DP, Acosta LP, Olveda RM, Williams GM, Ross 
AG, et al. Multiplex real-time PCR monitoring of intestinal helminths in 
humans reveals widespread polyparasitism in Northern Samar, the Philip-
pines. Int J Parasitol. 2015;45:477–83.
 78. Eom KS, Rim HJ. Epidemiological understanding of Taenia tapeworm 
infections with special reference to Taenia asiatica in Korea. Korean J 
Parasitol. 2001;39:267–83.
 79. Choi SC, Lee SY, Song HO, Ryu JS, Ahn MH. Parasitic infections based on 
320 clinical samples submitted to Hanyang University, Korea (2004–2011). 
Korean J Parasitol. 2014;52:215–20.
 80. Warunee N, Choomanee L, Sataporn P, Rapeeporn Y, Nuttapong W, 
Sompong S, et al. Intestinal parasitic infections among school children in 
Thailand. Trop Biomed. 2007;24:83–8.
Page 11 of 11Eichenberger et al. Parasites Vectors          (2020) 13:234  
•
 
fast, convenient online submission
 •
  
thorough peer review by experienced researchers in your field
• 
 
rapid publication on acceptance
• 
 
support for research data, including large and complex data types
•
  
gold Open Access which fosters wider collaboration and increased citations 
 
maximum visibility for your research: over 100M website views per year •
  At BMC, research is always in progress.
Learn more biomedcentral.com/submissions
Ready to submit your research ?  Choose BMC and benefit from: 
 81. Kitvatanachai S, Boonslip S, Watanasatitarpa S. Intestinal parasitic infec-
tions in Srimum suburban area of Nakhon Ratchasima Province, Thailand. 
Trop Biomed. 2008;25:237–42.
 82. Anantaphruti MT. Current status of taeniasis in Thailand. Korean J Parasi-
tol. 2013;51:37–42.
 83. Kaewpitoon SJ, Loyd RA, Kaewpitoon N. A Cross-sectional survey of intes-
tinal helminthiases in rural communities of Nakhon Ratchasima Province, 
Thailand. J Med Assoc Thailand. 2015;98:S27–32.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.
